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(54) Valve Assembly 

(57) A ball valve assembly and method in which a 
ball valve (10) is rotatable in a conduit section (14,16) 
to selectively permit fluid flow through a bore of the ball 
vaive to control the flow of the fluid through the conduit 
section. An insert (30) is disposed in the valve bore and 
has a plurality of small diameter passages (38) and a 
large diameter passage (36) extending therethrough. 
The valve Is rotated from its closed position to a first, 



partially-opened position where the small diameter pas- 
sages are in the flow path of the fluid to reduce the flow 
rate and the noise caused by the fluid flow. The valve 
can be rotated to a fully opened position in which the 
large diameter passage is in the flow path of the fluid to 
achieve relatively high flow rates. The Insert forms an 
airfoil surface (32a.32b) to prevent separation of the flu- 
id as it passes through the large diameter passage. 
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Description 

The present invention relates to a valve assembly 
such as a low noise ball valve assembly and, more par- 
ticularly, to such an assembly and method for controlling 
the transmission and distribution of a compressible fluid. 
The invention also relates to a ball ifor a ball valve as- 
sembly. 

In the transmission and distribution of compressible 
fluids, such as natural gas, there are requirements for 
valves that control a variable, such as pressure or flow 
rate, and operate at high pressure drops, that is, high 
pressure differences between the upstream and down- 
stream pressure. As such, these valves are fitted with 
actuators and positioners that respond to a control sig- 
nal generated by a controller or computer. 

When a compressible fluid is throttled through a 
control valve at high pressure drop, noise is generated 
in the fluid aerodynamically, and subsequently is prop- 
agated through the fluid, exciting the pipe walls (princi- 
pally downstream), and thereby causing noise to be 
propagated to the surrounding atmosphere. The result 
may be noise that exceeds allowable limits for worker 
hearing consen/ation. 

A second concern involved with the throttling of a 
compressible fluid through a control valve is that it often 
causes excessive mechanical vibration resulting in at- 
tendant problems with the proper operation of associat- 
ed measuring and controlling equipment. In addition, the 
vibration can also cause fatigue failure of welds or pip- 
ing. 

In this context, ball valves have frequently been 
used as shutoff valves and control valves in the trans- 
mission and distribution of natural gas. However, the 
availability of valve trim for ball valves that offers good 
noise reduction has been very limited. Also, the ball 
valves that do have noise reduction capability are often 
limited to applications in which there is a high pressure 
drop throughout the entire range of travel of the valve. 
In these cases the valve can be designed for continuous 
noise reduction over the entire range of travel. However, 
there are applications that involve a relatively high pres- 
sure drop at relatively low flow rates and small valve 
openings, and a relatively low pressure drop at maxi- 
mum flow and relatively large valve openings. In the lat- 
ter, low pressure drop, situation, a flow capacity is re- 
quired that is higher than would be possible utilising a 
valve designed for continuous noise reduction based on 
a high pressure drop throughout the entire valve travel 
range. 

Also, many of the ball valves having noise reduction 
capability cause separation of the gas flow as it passes 
through the valve which results in losses in pressure 
drop which compromises the performance of the valve. 

Therefore what is needed is a ball valve with noise 
reduction capability that can reduce noise at relatively 
low flow rates and small valve openings at relatively high 
pressure drops, yet respond to relatively low pressure 



drop situations and achieve maximum flow. Also, what 
is needed is a bait valve of the above type which elimi- 
nates flow separation of the gas as it passes through 
the valve. 

s The present invention also aims to alleviate the 
problems of the pr-ior art. 

According to a first aspect of the present invention 
there is provided a valve assembly as set out In claim 
1 . A number of preferred features are set out in claims 
2 to 4. 

Preferably, the small diameter passages have a di- 
ameter or cross-dimension which is less than 50% of 
the diameter of the bore. Preferably, this parameter Is 
between 1% and 20% or 2% and 5%. Preferably, the 
large diameter through passage, at the position along 
the bore of its smallest cross-sectional area has a cross- 
sectional area of more than 50% of the cross-sectional 
area of the bore. 

According to a further aspect of the invention there 
is provided a method of controlling the flow of fluid 
through a conduit as set out in claim 5. Various preferred 
features are set out In claims 6 to 8. 

According to another aspect of the invention there 
is provided a ball for a ball valve assembly, the ball being 
as set out in claim 9. A number of preferred features are 
set out in claim 10. 

According to a further aspect of the invention there 
is provided a ball valve assembly and method in which 
a ball valve is rotatable in a conduit section to selectively 
permit fluid flowthrough a bore of the ball valve to control 
the flow of the fluid through the conduit section. An insert 
is preferably disposed in the valve bore and has a plu- 
rality of small diameter passages and a large diameter 
passage extending therethrough. The valve is prefera- 
bly rotated from its closed position to a first partially 
opened position wherein the small diameter passages 
are in the flow path of the fluid to reduce the flow rate 
and the noise caused by the fluid flow Preferably, the 
valve can be rotated to a fully opened position in which 
the large diameter passage is In the flow path of the fluid 
to achieve relatively high flow rates. The insert prefera- 
bly forms an airfoil surface to prevent separation of the 
fluid as it passes through the large diameter passage. 

In a preferred construction there is provided a ball 
valve assembly in which the noise generated by the flow 
of the fluid Is significantly reduced at relatively small 
valve openings, low flow rates, and high pressure drops. 
The assembly also achieves maximum flow when the 
pressure drop Is relatively low and eliminates flow sep- 
aration of the gas. To this end, a ball valve may be ro- 
tatable in a conduit section to selectively permit fluid flow 
through the bore to control the flow of the fluid through 
the conduit section. An insert may be disposed in the 
valve bore and preferably has a plurality of small diam- 
eter passages and a large diameter passage extending 
therethrough. The valve may be rotatable from its closed 
position to a first, partially opened, position where the 
small diameter passages are in the flow path of the fluid 
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to reduce the flow rate and the noise caused by the fluid 
flow. The valve preferably can be rotated to a fully 
opened position in which the large diameter passage is 
in the flow path of the fluid to achieve relatively high flow 
rates. The insert preferably fornns an airfoil surface to 
prevent separation of 4he fluid as it passes through the 
large diameter passage. 

A major advantage is achieved In preferred ball 
valve assemblies in accordance with the present inven- 
tion since the noise generated by the flow of the fluid is 
significantly reduced at relatively small valve openings 
and low flow rates, yet maximum flow is achieved when 
the pressure drop is relatively low, while flow separation 
of the gas is eliminated. 

The present invention may be carried out in various 
ways and one preferred embodiment of a ball valve as- 
sembly in accordance with the invention will now be de- 
scribed by way of example with reference to the accom- 
panying drawings in which: 

Figs. 1A-1C are cross-sectional views depicting a 
preferred embodiment of a ball valve assembly in 
accordance with the present invention in three op- 
erating modes. 

Fig. 2 is an isometric view of the ball valve assembly 
of Figs, 1A-1C, 

Fig. 3 is a cross-sectional view taken along the 
plane 3-3 of Fig. 2. Referring to Fig. 1 A of the draw- 
ings, a preferred embodiment of a ball valve assem- 
bly according to the present irlvention includes a 
ball valve 1 0 disposed in a valve body 1 2 formed by 
a cylindrical inlet section 1 4 having an inlet bore 1 4a 
and a circular flange 14b projecting therefrom for 
connection to a pipe (not shown) for supplying a 
compressible fluid, such as natural gas, to the inlet 
section. A cylindrical outlet section 16 is also pro- 
vided which has an outlet bore 16a and a circular 
flange 16b projecting therefrom for connection to a 
pipe (not shown) for receiving the fluid from the out- 
let section. An outer support ring 20 extends be- 
tween the sections 1 4 and 1 6, with the inner surface 
of the ring in a spaced relation to the outer surface 
of the ball valve 1 0. 

A pair of axially spaced seal assemblies 22 and 24 
are mounted In circular notches or grooves, provided in 
the inner end portions of the inlet section 14 and the 
outlet section 16, respectively. The support ring 20 is 
connected between the sections 1 4 and 1 6 in any known 
manner, such as by bolts, or the like (not shown). The 
support ring 20 and the seal assemblies 22 and 24 will 
not be described in any further detail since they are con- 
ventional. 

The valve 10 is in the form of a spherically shaped 
ball having a central through bore 10a, Thus, two solid 
surface areas 10b and 10c are defined which, in the 
closed position of the valve 10 shown in Fig. 1 A, block 
the flow of fluid from the inlet section 14 to the outlet 



section 16. 

A pair of stems (one of which is shown in phantom 
tines and referred to by the reference numeral 28a in 
Figs. 1 A-1C), are connected to the outer surface of the 
s ball valve 10 at diametrically opposite portions thereof 
to enable the ball valve to be- rotated in a manner to be 
described. More particularly, the stems. Including the 
stem 28a, are connected to conventional ancillary 
equipment (not shown) in a manner to permit rotation of 

10 the ball valve 1 0 about an axis coinciding with the axes 
of the stems, with the seals 22 and 24 functioning to pro- 
vide a fluid seal, all in a conventional manner. 

A main feature in preferred constructions In accord- 
ance with the invention Is an insert 30 which is provkied 

IS in the bore 1 0a of the valve 1 0 and is designed to reduce 
the noise generated as a result of the flow of fluid 
through the valve at relatively low flow rates and low 
valve openings. To this end, and with reference to Figs. 
1 A, 2 and 3, the insert 30 is In the form of a plate-like 

20 member shaped so to form a relatively short, slightly 
curved portion 32a, a second, relatively long, slightly 
curved portion 32b extending at an angle to the portion 
32a. and an enlarged width elbow 32c connecting the 
portions 32a and 32b. 

25 The insert portion 32a is shaped and positioned in 
the leading, or inlet, end of the bore 10a of the valve 10 
and extends substantially perpendicular to the axis of 
the bore 1 0a so as to define a continuation of the cu rved 
surface of the solid section 1 0b of the valve 1 0. The sec- 

30 ond portion 32b extends from the elbow 32c and curves 
back to the trailing, or outlet, end of the bore 1 0a to de- 
fine, with the portion 32a and the corresponding inner 
surface of the solid section 1 0b, an enclosed cavity 34. 
A relatively large diameter through passage 36 is de- 

35 fined through the valve bore 1 0a extending between the 
insert portion 32b and the corresponding inner surface 
of the solid section 10c. The insert 30 has a smooth, 
cun/ed "airfoil" design which permits pressure recovery 
when fluid flows through the passage 36 in a manner to 

40 be explained. 

A series of spaced, parallel, relatively small diame- 
ter through passages 38 are formed through the insert 
portions 32a, 32b and 32c and function to significantly 
reduce the noise level that would otherwise be generat- 
es ed by the flow of the fluid through the valve bore 1 0a in 
accordance with well-established theories as explained 
above. 

The valve 10 is depicted in its closed position in Fig. 
1 A in which, the solid section 10b blocks the flow of fluid 

50 from the inlet bore 1 4a through the valve 1 0. 1 n the event 
fluid flow is desired, the valve 10 is rotated through the 
valve stems, including the stem 28a, in a clockwise di- 
rection as shown by the arrow in Fig. 1 B which exposes 
a portion of the flow passages 38 to the fluid in the bore 

55 14a. A portion of the fluid flows through the passages 
38 In the insert portion 32a and into the cavity 34 and 
then exists the cavity through the passages 38 in the 
insert portion 32b. This fluid then enters, and passes 
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through, the relatively large passage 36 to the outlet 
bore 16a. Another portion of the fluid passes directly 
from the inlet bore 14a, through a portion of the passag- 
es 38 located near the elbow portion 32c of the insert 
30 and directly into the passage 36 before passing to 
the outlet bore 16a. All of the fluid then passes from the 
outlet bore 16a to an outlet pipe, or the like, connected 
to the outlet section 16. In this position, significant noise 
reduction is achieved as a result of all of the fluid passing 
through one or more of the passages 38 before exiting 
the valve 10. 

If it is desired to move the valve 1 0 to its fully opened 
position, the valve is rotated in the clock-wise direction 
until the valve reaches the position shown in Fig. 1 C. In 
this position, all of the passages 38 in the insert portion 
32a and the elbow 32c, as well as the relatively large 
passage 36, are exposed to the fluid in the inlet bore 
14a. Since the relatively large passage 36 provides the 
least resistance to fluid flow, the major portion of the fluid 
flows from the inlet bore 14a, directly through the pas- 
sage 36 and to the outlet bore 16a. Thus, in the fully 
opened position of Fig. 1C, relatively high flow capacity 
is achieved (with reduced noise reduction) since a great 
majority of the fluid flows through the relatively large 
passage 36. Due to the smooth "airfoil" design of the 
insert 30, the fluid "attaches" to the outer surface of the 
insert as it passes through the valve 10, thus permitting 
significant pressure recovery. As a result of all of the 
foregoing, the ball valve 1 0a of the present invention can 
take the position of Fig. 1 B to considerably reduce noise 
at relatively low flow rates and high pressure drops, yet, 
can take the position of Fig. 1 C in response to relatively 
low pressure drop situations and achieve maximum 
flow. Also, relatively high efficiencies are obtained by the 
valve of the present invention since pressure recovery 
is achieved by virtue of the attached flow described 
above due to the airfoil design of the insert 30. 

It is understood that variations may be made in the 
foregoing without departing from the scope of the inven- 
tion. For example, the present Invention is not limited to 
the specific shape of the insert 30 shown and described 
above. For example, the insert to take a generally con- 
ical shape within the scope of the invention. Other mod- 
ifications, changes and substitutions are intended in the 
foregoing disclosure and in some instances some fea- 
tures of the invention will be employed without a corre- 
sponding use of other features. Accordingly, it is appro- 
priate that the appended claims be construed broadly 
and in a manner consistent with the scope of the inven- 
tion. 



Claims 

1. A valve assembly for controlling the flow of fluid 
through a conduit section (14,16) having an inlet 
(14) and an outlet (16), the valve assembly compris- 
ing a ball valve (10) having a through bore (10a) 



formed therein, the valve being rotatable in the con- 
duit section to selectively permit fluid flow through 
the bore to control the flow of the fluid through the 
conduit section; and an insert (30) disposed in the 

s bore for reducing the noise caused by the fluid flow 
through the bore, the insert comprising a. plate-like 
member (30) having a plurality of relatively small di- 
ameter passages (38) for receiving the fluid, the 
member defining, with a portion of the surface of the 

10 valve defining the bore, a relatively large diameter 
through passage (36); the valve being positionable 
in a first open position in the conduit section with 
the relatively small diameter passages (38) In the 
flow path of the fluid to reduce the flow rate and the 

15 noise generated by the fluid flow, the valve being 
positionable in a second position in the conduit sec- 
tion with the relatively large diameter passage (36) 
in the flow path of the fluid to increase the flow rate, 
a portion of the member defining the bore forming 

20 an airfoil surface (32a,32b) to prevent separation of 
the fluid as it passes through the relatively large di- 
ameter passage. 

2. An assembly as claimed in claim 1 wherein the 
25 small diameter passages (38) are also in the path 
of the fluid flow in the second position of the valve, 
the majority of the fluid passing through the large 
diameter passage (36). 

30 3. An assembly as claimed in claim 1 or claim 2 where- 
in the member (30) defines with the corresponding 
surface of the valve, a cavity (34), so that, in the first 
position of the valve, a portion of fluid flows from 
some of the passages in the member, into the cavity, 

35 and through other passages in the member. 

4. An assembly as claimed in any preceding claim 
wherein, upon rotation of the ball valve from its 
closed position, the valve reaches the first position 

40 before the second position; and preferably wherein 
the second position is the fully open position of the 
valve. 

5. A method of controlling the flow of fluid through a 
45 conduit having a ball valve disposed therein com- 
prising the steps of providing a ball valve (10) with 
an Insert (30) having a plurality of relatively small 
diameter passages (38) and a relatively large diam- 
eter passage (36), rotating the ball valve from a 

50 closed position to a first position where the small 
diameter passages are in the flow path of the fluid, 
rotating the ball valve to a second position in which 
the large diameter passage is in the flow path of the 
fluid, and forming an airfoil surface (32a,32b) to pre- 
ss vent separation of the fluid as it passes through the 
large diameter passage. 

6. A method as claimed in claim 5 wherein the small 
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diameter passages (38) are also in the path of the 
fluid flow in the second position of the valve, the ma- 
jority of the fluid passing through the large diameter 
passage (36). 

7, A method as claimed in claim 5 or claim 6 wherein, 
upon rotation of the ball valve (10) from its closed 
position, the valve reaches the first position before 
the second position. 

8. A method as claimed in claim 5 or claim 6 or claim 
7 wherein the second position is the fully open po- 
sition of the valve. 

9, A ball (10) for a ball valve assembly, the ball having 
a through bore (10a) which has an inlet end and an 
outlet end, and flow control means (30) located in 
the bore (10a), the flow control means having a 
curved or aerofoil section (32a,32b). 

20 

10. A ball as claimed in claim 9 in which the aerofoil 
section, in a least one cross-section of the ball ex- 
tends forwards from the inlet end of the bore along 
a front curve (32a) of the aerofoil section, preferably 
with the same curvature as that of the ball, to a lead- 2S 
ing edge (32c), and then back along a rear curve 
(32b) of the aerofoil section, preferably with a small- 
er curvature, to the outlet; preferably wherein flow 
channels (38) are provided through the flow control 
means from the front curve to the rear curve thereof; 3o 
preferably wherein a chamber is provided in the flow 
control means between the front curve and rear 
curve thereof; and preferably wherein the aerofoil 
section extends about 30% to 70% or 35% to 45 % 
across the bore. 35 
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